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(54) WATCH CASE 



(71) We, KABUSHIKI KAISHA 
SUWA SEIKOSHA, a Japanese com^jany of 
3 — 4, 4-chom^ Ginza, Chuo-ku, Tokyo, 
\ Japfan, do hereby declare the invention, for 
5 which we pray that a patent may be granted 
to us, and the method by whidi it is to be 
perfoimed, to be particularly described in and 
by he following statement: — 
: The present inventitHi relates to a watch 
10 case formed of an age-hardenable stamless 
steel as disclosed in the specification of our 
British Patent No. 1,213,690, 

Hie finest watch cases known in the art 
, are made of gold and they are sometimes 
15 even furnished wiA enameL These known 
watch cases are however very expensive and 
th^ have, moreover, to be carried with the 
utmost care since they would immediately be 
damaged, if they were carried in everyday 
20 life for manual labour or sport. 

The only way hitherto known in the art for 
obtaining a watch case resistant to hard condi- 
tions of wear was to make it of steel and in 
, particular of stainless steeL However, if such 
25 a watdi case is lepeatedly submitted to frac- 



tional engagement witii hard objects, its finely 
polished outer surface portions eaqposed to con- 
tacts with foreign objects will soon be 
scratched, and the watdi case will st^er a 
si^3Stantial damage. 3Q 

It is therefore an object of the invention to 
provide a stainless steel which may be used 
to reinforce the outer area in such a manner 
that it wUl not readily be damaged by impacts 
or fractional engagments with hard foreign 35 
objects, will be resistant to the oxidizing agents 
of the atmosphere^ and will have an attractive 
and durable appearance. 

It is well known in the art that age harden- 
ing appears by adding Mo to Fe in an amount 40 
exceeding 15% by wci^t Such alloys, how- 
ever, can be used only as cast lalloys because 
they cannot be rolled w: drawn. Moreover, 
their resistance to corrosition as insuMdent. 

According to the present invention, there 45 
is provided a watch case formed at least in 
part of an age hardenable stainless steel hav- 
ing the following peccentage composition by 
wdg^t: — 
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40 



Cr 

Mo (+W if present) 

G 

Si 

Cu 

Nb 

Ti and/or Be (If provided^ such that 

Tionljr 

Be only 

Ti and Be together 

Co and/or Ni (If provide<0 sudiliiat 

Ni only 

Co only 

Co and M together 



6—22% 



W 



4—13% sudi tihat 0< - <0.6 

0-0.1% 
0-2.5% 
0.35h-3% 
0-0.3% 



0.1—4% 

0.05—2% 

0--l% 

0-5% 
0.5—12% 

0.5—12% (Ni not exceeding 4.5%) 



the balance being iron and impurities. 

The steel may contain no tungsten, the 
molybdenum being present in the range 5 — 
5 13% by weight. 

The chromium content of the steel may 
be m the range 6 to 20% by weight. 

In the alloy according to the invention resis- 
; tance to corrosion is gready increased by add- 
lo' ing Cr to an Fe— iVlo alloy, and the amount 
of Mo required for age hardening is reduced 
and suflScient workability can be obtained. 

Farther it is found that toug^mes^ xesistanoe 
to hea^ and resistance to corrosion may be in- 
15 creased without spoiling the age har d e nin g of 
the xnatenal 1^ addmg Co and Ni, angjy 
or iDgptiher, and that age hardening property is 
gzeat^ inaeased by adding Be and TL 



The importance of the various elements in 
the steel is discussed below, all peroMitages 
being by wei^t 
1, Cr ... 6 to 22% 

Or stabilizes Fe material, aiKl anoeases 
resistance to corroaon of the materiaL In the 
alloy according to the invention, too^ Cr is 
added to increase tesistance to corrosion, the 
amount of Mo required in the alby being de- 
creased by adding Cr. Thus woi*ability for 
cold rolling and drawing is improved without 
spoiling age hardcnability. With Cr less than 
6% in content resistance to corrosiori is in- 
su&aent, while with Cr over 22% in con- 
tent the alloy tends to harden and the work- 
ability is spoiled. 



30 



2. Mo + W. 



..4tol3% (o^—^ ^0.6 I 

\ Mo + W / 



The element Mo in Ffr-Mo alfoy produces 
age h^tr^f^ng effect The alloy according to 
^ invention not only has improved age hard- 
ening but also resistance to corrosion against 
non-oxidising add. The dancnt W in Fe mat- 
erial, in the same way as Mo, possesses an age 
bardffiing property. The effect of W on age 
h?Ti!mifig property is weaker that that of 
Mo, However;^ it shows greater reinforceDaient 



for solid solution dian Mo, so it strengthens 
the matrix of this alloy. Too much addition, 
however, makes the material brittle and 
deteriorates its workability. After altoys were 
examined with respea to hardenabiJity, solid 
solution reinforcement and britdeness of Ae 
material, it was found that Mo + W should 
be 4 to 13 %, W being up to 60% of tihe total 
Mo + W. 
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3. Co and Ni 

Co only 0.5 to 12% 

Ni only ftom 0 up to 5% 

(preferably 0.5 up to 5%) 
5 Co and Ni together 0.5 to 12% 

(Ni not exceeding 4.5%) 
Co and Ni greatly increase the toughness 
of the steel and improve workability in the 
case of rolling and drawing. These elements 
10 also improve resistance to corrosion, Ni, an 
particular, improves resistance to corrosion at 
normal temperature and Co improves add 
proofness at high temperature. The amounts 
added should be as described above. When 
15 the amounts added are less than the lower limit 
there is litde effect and when the amount ex- 
ceeds the upper limi^ the material tends to be 
brittle and workability deteriorates. Ni with 
more than 5% added, tends to produce a v 
20 phase. 

4. Ti and Be 

Ti only 0.1 to 4 

Be only 0.05 to 2% 

Ti and Be together 0 to 4% 

25 (preferably 0.05 to 3.5%o) 

Ti and Be in Fe material stabilize Ferrite. 
As the temperature lowers, the solubility de^ 
creases and age hardening effect appears. The 
resulting alloy has a body cendied, ferrite 

30 ca^stal construction. By means of the elements 
Ti and Be stcengtib is greatly increased without 
spoilmg the age hardenable property. This 
efifect is due to the fact that the treatment con- 
ditions for age hardening of Fe-Mo and that 

35 of Fe-Be and Fe-Ti are similar, and diat the 
precipitation compounds which contr&ute to 
hardening have jcompletely different pbases 
and do not influence each other. Therefore Ti 
and Be added together do not spoil the hard- 

40 ening effect. When the amount added is less 
than 0.05%, hardenability deteriorates, and 
when the amount of Ti and Be added singly 
or mixed together is over the upper limit, the 
material becomes britde and woiking becomes 

45 difficult 

5. Sd . . 0^2.5% Qjreferably 0—2.0%,) 
Si deoxidizes melting metal and promotes 

ageing of Fe-Mo alloy. With Si more timn 
0.5% in content age hardening appears. How- 
50 ever when die amount of Si exceeds 2^% 
the material tends to be brittle, 

6. Cu . . . 0.35—3% 

Cu improves proofness against non-oxidiz- 
ing add. It also shows an age hardening effect 
55 Too much ad^tion, however, reduces work- 
ability, especially hot worfcability, and resis- 
tance to OQirosion. After various e;q>eriments 



it was found that Cu not exceeding 3% in 
content is most suit^le, 

60 

7. Nb . . . 0—0.3% 

Nb reacts with C to form stable carbide 
and improves lesistance to corrosion. Particu- 
larly m this alloy, Ti, Mo and Cr easily 
reacts witih C and reduces not only resistance 
to corrosion but also age hardenability. By 65 
adding Nb, a carbide of Nb stable at higher 
temperature is formed, which prevents the le- 
acdon with these elements. However, when 
Nb is added by more than 0.3%, it tends to 
f onn compounds with dements other than Q 70 
and brittkness of the material incr^ses. 

8. C . . . Not exceeding 0.1% 

C easily forms carbides with Mo, Ti and 
Cr, and deteriorates resistance to corrosion and 
age hardenability. C should be avoided as 75 
much as possible, but it is inevitably intro- 
duced during the melting operadon. Consider- 
ing the above fact, Nb is preferably added in 
the present alloy. Nb of less than 0.1% in 
content is sufficient gQ 

Table 1 below shows typical compositions 
of a number of alloys (i.e. Alloys Nos 1—23) 
according to the invention. For comparison, 
two kinds of age hardening stainless steels on 
the market (Le. Alloys 17— 4PH and 85 
17— 7PH) and diat of die known 18—8 stain- 
less steel are also showa 

In Table 1, all alloys No. 1 to 23 were 
indted in vacuo by a higji frequeacy induc- 
tion furnace wherein the degree of vacuum qq 
during melting was maintained at 3 to 8 x 
10-* mmHg. Such mdtiog materials as elec- 
trolytic pure iron, pure Or, Ferro-Mb, Ferro- 
W, pure Co, pure Ni, Ferro-Ti, Ferro-B^ 
Ferro-Nb, Ferro-Si, and electrolytic pure 95 
copper were used They were melted in such a 
maimer that electrolytic pure iron, pure Cr, 
Ferro-Mo, Ferro-W, pure Co, pure Ni were 
charged into a high pure alumina crucible and 
the furnace was made vacuous;, the melting 100 
operation then being started, Fe-Si was added 
after the material was melted down in the 
crucible. The temperature was set to the value 
100 to 200°G ^ve the mdting tempem- 
ture when the melting metal became dean. Cu, 105 
Ferro-Nb, Ferro-Ti and Fcrro-Be were 
thrown in quiddy ia this order. One or two 
minutes after tiie Ferro-Be was melted, ^ 
ingot was cast. The temperature was measured 
by an optical pyrometex. The surfaces of these 110 
ingots were made smoodi and band material 
was formed by hot forging, hot and cold roll- 
ing. La hot rolling at 1050 to 900°C, the 
material being heated up to 1150 to 1200°C 
and quendied by water to be used as pieces to 115 
be tested for strengdi and leastance to cor- 
rosion. 
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TABLE 1 

Cr Mo W Co Ni Ti Be Si Ca Nb C Pte 



1 10.12 9.98 - - - - - 0-29 2-50 - 0.02 bd-noe 

2 12.06 9.11 ----- 0-31 2.« 0.21 0.03 „ 

3 14.96 5.89 1.33 2.91 - 0.02 » 

4 15.00 8.01 ----- 0.03 1.01 0.12 0.02 » 

5 15.10 9.08 - - - - - " 

6 20.12 7.20 - - - - - 0-28 2-95 " "'^^ - 

7 6.33 7.21 3.58 - - 2.74 0.08 0.26 1.04 0.11 0.02 „ 
attoys 8 8.45 5.08 4.12 - - 0.23 0.36 0.42 2.01 - 0.02 „ 

9 5.27 4.18 - - - - 1-67 2.85 0.08 0.03 , 

^""^ 10 16.12 6.22 - - - - 1-62 ^'^ " 



11 

12 
13 
14 
15 
16 



6.36 7.14 3.50 - 2.28 1.42 - 0.34 1.08 - 0.02 

11.91 8.10 1.23 - 0.83 0.23 0.38 0.22 1.00 0.10 0.02 

15.11 9.01 - — 4.23 0.13 0.08 0.91 0.85 - 0.02 

19.42 8.63 1.37 - 3.25 2.04 0.13 0.38 0.62 - 0.02 

15.03 9.03 - - 4.72 - - 1-08 0.96 0.12 0.03 

8.55 9.57 1.14 0.92 - 1-23 0.33 0.42 1.16 - 0.02 

— 5.12 — — — 1.02 1.00 0.11 0.02 



17 15.01 8. 



18.42 6.03 3.28 7.08 - 0.42 - 0.96 0.85 - 0.02 

14.96 7.28 1.03 11.01 - 2.18 - 0.34 0.66 - 0.02 

20 7.15 10.86 - 6.14 2.03 0.89 - 1.23 1.07 - 0.02 

15.18 9.02 0.84 9.22 1.05 - - 0.96 0.88 0.10 0.02 

17.45 6.03 4.35 1.12 4.36 1.89 0.16 0.14 0.35 - 0.03 

19.05 4.58 4.72 4.26 2.16 0.43 - 1.19 0.92 - 0.02 

Mn 

n-ffH 16.88 - - - 4.13 0.21 - 0.62 4.01 6.81 0.05 

known ^ Mn 

^^-TPH 17.00 - - - 7.11 - 1.15 0.a3 - 0^7 0.07 

18.54 - - - 8.91 - - 0-^ " 
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Table 2 shows faaidness, tensile strength induding sudi age harfaiing elemeats as Ti 

and elongatton of these alloys. From tiiese or Be^ show higher ihardness in mdtinc than 

results It can be seen diat addition of Ni or those which do not include them. Th^Movs 

c ^} infl^^nce on toughness of the when melting have the same strengdi as 

5 matenaL Alloys horn No. 11 to 16 have 17--I PH and 17— 7 PH on Ae market which 

donpnon thai those from No. 1 to are known as age hardening stainless steeL 
10 which do not mdude Ni and Co. Alloys »^ aiwi. 



TABLE 2 
Strengdi of meking material 

tensile strength 
hardness (Hv) (fe^mm*) elongation (%) 



1 


250 


96 


11 


2 


266 


93 


10 


3 


242 


91 


15 


4 


248 


96 


14 


5 


246 


98 


13 


6 


255 


94 


11 


7 


302 


103 


10 


8 


310 


101 


12 


9 


268 


102 


10 


10 


306 


99 


12 


11 


322 


101 


27 


12 


286 


96 


18 


13 


291 


103 


34 






111 


26 






102 


31 


16 


301 


98 


20 


17 


287 


103 


30 


18 


298 


106 


31 


19 


311 


108 


26 


20 


294 


105 


29 


21 


301 


103 


26 


22 


311 


116 


24 


23 


298 


108 


28 


17-HHPH 


370 


105 


12 


alloys 






to be 17-.7PH 


183 


91 


35 


compared 




18—8 


153 


60 


50 
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Table 3 dwws hardness and tcnsfle stra^ 
of 50% cold rtJIed material and those wiica 
tbe aU(^ were aged. Age hardening tr^tmcnt 
was pof oimed bodi on Ae alloys accordmgto 
the invention and die ^naterials compared 
nnder sudi a condition that the maxumm 
strength was obtainai in the prelimmMyj^ 
pciiment. All heat treatment was perfoinaed 
ia tbe vacuum furnace in order to avoid oxida- 
tion. From the results shown in Table 3, it 



can be seen diat before age hardening treat- 
ment there is litde difference between the 
allovs according to the infvention and the alloys 
conipaied, 17-4 PH, 17-7 ^<^I«^^ 
been subjected to heat treatments H900 and 
CH900 respectively and 18--8 stainless steel, 
but diat there appears great difference be- 
tween diem after ageing;, wMch shows diat me 
ageing properly of the alloys accwdmg to the 
invention is excellent 
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20 



7 



1^99390 



7 



TABLE 3 









^700/ rnllMl wiaf»"rig1 
■^v /o JtUUCU ludicoai 




age hardening material 






strengtli 

iter /mtn^^ 


hardness 


agemg 
oonoiuon 


tensile 
strength 

V**o/ ****** / 


hardness 




1 
* 








195 


662 




o 


X^7 






192 


641 






19ii 




» 


191 


638 






116 

XXv 






196 








USD 


^7 


» 


198 


6fi'ii 






"ion 




39 


178 


420 




7 


152 


428 




237 


769 




o 
o 


i<n 

XJV 


4X7 


» 


241 






0 




JsO 




216 


636 


cuuijrii 

acGoiding 


in 


X4a 






223 


74^ 


tn ifi^ 

LU UlC 

invention 


11 


X3U 






228 
240 


7SR 
756 






XJf 


JKXf 


» 


209 


707 




Id 


X30 


Ado 

49Br 




238 






u 








201 


694 






xw> 


ill 9 




202 


740 




17 

Xf 


1^ 

X37 


^/ i 




203 


694 




IR 

xo 


1^6 

XWI 


j50 




223 


706 




19 


160 


^1 




229 


748 




20 


132 


385 




214 


695 




21 


138 


392 




208 


682 




22 


143 


396 




224 


703 




23 


136 


389 




217 


701 




17-^H 120 


380 


H900 


150 


430 


known 

alloys 

oonqiaied 


17~7PH 140 
18-dB 140 


385 


GH900 


183 


500 
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Heat treamiettts H900 and CH900 leferred 
to in TaWe 3 are: 

H900: Afcer quendmig fram 1038°C rfc 
14°C hold in ak at 482°C ± 5°C Iot one 
hour, 

CH90D: After quenching from 1066*'C rfc 
14°Q apply cold rolling of 30—50% and 
then 4iold in air at 482*=>C i 6°C fear one 
hour. 

After age hardening treatment ihe test 
pieces of Table 3 were immersed in various 
corrosion liquids for ten days and tiieir ^^S^ 
of corrosion and discoloration was examined. 
The results are shown in TaWe 4 below- 

The artificial sea water and artificial sweat 
referred to in Table 4 are sweat and sea water 
made artificially by mixing chenucals^ the 
components <rf which are similar ta' those of 
natural sweat and sea water. 



Their compoations are as follows: — • 
Composition of artificial sweat 



NaQ 
Na^S 

(NH.)*CO 
NH^OH 
Sacdiarose 
Lactic Add 



0.648 to 0.987% 
O.0O6 to 0.025% 
0.086 to 0.173% 
0.010 to 0.018% 
0.006 to 0.022% 
0.034 to 0.107% 



OMtqpositiQn of artificial sea water 



NaQ 

MgQ^ 
NazSO* 
CaCl2 
KCl 

NaHCO, 
KBr 



Z30 
0.45 
0.37 
0.10 
0.06 
0.01 



to 2.35% 
to 0.49% 
to 0.39% 
1T> 0.12%o 
to 0.066% 
to 0.020% 



20 



25 



30 



0.0080 to 0.0095% 35 
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TABLE 4 



Alloy ardfidal 
No. sweat 


artificifil 
sea water 


NaQ 


TOO/ 

HQ 


59/ 
HaSO^ 


10 V 

NH^a 


100/ 

NH40H 


0/0 
Na^S 


10% 
lactic 
add 


OAO/ 

20% 

NasCX)^ 


1 


e 


0 


A 


0 


A 


0 


e 


0 


0 


G 


2 


6 


0 


A 


A 


A 


0 


0 


e 


G 


G 


3 


0 


0 


A 


A 


A 


0 


e 


0 


G 


G 


4 


e 


6 


0 


0 


A 


e 


6 


G 


0 


G 


5 


6 


0 


0 


0 


0 


e 


e 


G 


G 


G 


6 


0 


0 


0 


0 


0 


e 


6 


0 


G 


G 


7 


0 


0 


A 


A 


A 


0 


0 


0 


G 


0 


8 


0 


0 


A 


A 


A 


0 


0 


G 


G 


G 


9 


0 


0 


A 


A 


A 


0 


0 


0 


G 


G 


10 


0 


0 


0 


A 


A 


e 


e 


0 


G 


0 


11 


0 


0 


A 


A 


A 


0 


0 


6 


0 


0 


12 


0 


0 


A 


0 


A 


0 


6 


G 


G 


G 


13 


e 


0 


e 


0 


0 


6 


0 


G 


G 


0 


14 


e 


0 


e 


0 


0 


8 


e 


G 


G 


G 


15 


0 


6 


e 


0 


0 


e 


e 


G 


G 


0 


16 


G 


0 


A 


0 


A 


0 


e 


G 


G 


G 


17 


0 


0 


0 


0 


0 


e 


0 


0 


G 


G 


18 


0 


e 


e 


0 


0 


e 


e 


0 


G 


G 


19 


e 


0 


0 


0 


0 


6 


e 


G 


0 


G 


20 


6 


0 


A 


0 


A 


0 


G 


G 


G 


G 


21 


0 


B 

w 




n 


n 

vr 


n 

v 


A 

U 


n 

V 


a 


V 


22 


e 


e 


0 


0 


0 


0 


G 


G 


G 


G 


23 


6 


8 


0 


0 


0 


0 


■ G 


0 


G 


G 


17-4 
PH 


A 


A 


X 


X 


X 


0 


0 


0 


•A 


0 


17—7 
PH 


A 


A 


A 


X 


X 


0 


0 


0 


0 


G 


18-8 
50% rolled 
JMaterial 0 


6 


A 


A 


A 


0 


6 


0 


0 


G 



G no discoloiation or corrosion 0 sUght discoloration 



A discoloration and slight coxrosion x corrosion 
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From Table 4 it can be seen 4at the aUoy icsisis tbc oxidizmg actacm of the cam- 

according to the inventioa iias higgler coiroaon sirc agpnts of the amosphere. _ 

lesijS tlian 17^ PH and 17-7 PH Theiefoie tbe watch case its oBginal 

Which are known as a hardenablc stmoless appearance dunng a ^enod wfa^ 2" 

5 sted. It showK similar resistance to cotrosion ty non-liimtec^, erai if it is used ini^^ 

to that of 18-8 stainless steel whidi has high different conditioiM?- Moreover, ^°^JS^ 

work hardenablKty. cases can abo be ©Even n^^apes 

As described above^ the alloy according to ^^oh^ ^^^^ f^^^^-. _ 

the mvention has excellent age hardenabiUty The watdi case W be .^^^J^^ 25 

10 and corrosion resistance and is suitable for ^^"^ ^ "iif^^P ^ 

watch cases. ^ ^ ^ formed par^ of said alloy 

It is easy to work a watch case employing and pardy of oAer material, 

a stainless steel according to our invention In our Bntisfa P^^^^^No. 1,213,690 we 

prior to age hardening. The watch case after have dahned an age hardenable alloy havi^ 30 

15 being a^hawlened is not scratched by the the following percentage composition 1^ 

usual matErialsL Furdier> the watch case wei^t: — 



Or <^22% 



W 



Mo, or Mo and W togedicr 4^13% such that <0.6 

Mo+W 

Co and/or M such that 

Nionly 0-5% 

CooDfy 0—12% 

CoandNitpgeiher 0—12% 
Ti and/or Be such that 

Tionftr 0—1% 



fo 



Be only 0-2% 

Ti and Be together 0—4% 

Si Iessihan2% 

Cu 0.35-3% 

Nb less than 0.3% 

C present, btit less liianO. 

Pe balance 



WHAT WE CLAIM IS:— jfollowing percsentage conipositi<m by 

35 1. A watdi case formed at least in part of weigjht: — 
an age hardenable stainless steel having the 
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Cr 



Mo (+W if present) 

C 

Si 

Ca 

Nb 

Ti and/or Be (If ptovided) such that 

Ticmly 

Be only 

Ti and Be together 

Co and/or Ki (If provided) such that 

Monly 

Co only 

Co and Ni togedier 



the balance being iron and in^puiities. 

2. A watch case as dauned in r'^s^im i in 
which the steel contains no tungsten, the 

5 molybdenum being present in the range 5 

13%bywei^t. 

3. A watch case as clain^ in any preced- 
ing claim in which tte chuomimn ccMKCcnt of 
the steel is in the range 6 to 20% by wei^t 

10 4. A watch case as claimed in any preceding 
daim in which the titanium content of the 
steel, if no beryllium is {weseot^ is in the lange 
0-1—4% by weigjit; -die bttyllium content 
of the steel, if no titanium is present^ is on the 

15 range 0.05 — 2% by wei^t, and rfie combined 
titanium plus bayllium content of the steel, if 
both elements are present, is in die lanro 
0.05—3.5% by wdghL 

5. A watch case as claimed in any proced- 

20 ii^ daim in which lite mdcel cofMmt of the 



6-22% 

W 

4—13% such that 0< <0.6 

Mo + W 

0-^.1% 
0-2.5% 
0.35—3% 
0-0.3% 



0.1—4% 

0.05—2% 

0-4% 



0-5% 
0.5—12% 

0.5—12% (Ni not exceedmg 4.5%) 



steel, if these is no oobalt present, is in the 
tai^ 0.5%— 5.0% hy wdghi^ die oobrft 
content of the sted, if there is no nicfcd pre- 
sent, is in the range 0.5 — 12% by wd^t; and 
the Co + Ni content of the sted, if both de- 25 
ments are presmt, is in the tange 0.5 — 12% 
by wdg^l^ nidod being present in this case in 
an amount not exceeding 4,5% by wd^t. 

6. A watdi case as daimed in any preceding 
daim in whidi the silicon content of the alloy 30 
does not exceed Z0% by ve^^ 

7. A watch case as claimed in daim 1 fln<^ 
having the composition of any of Alloys Nos. 
1 to 23 of Table 1. 
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